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DESCRIPTION 

STRESS-INDUCIBLE PROMOTER AND METHOD FOR USING THE SAME 

Field of the invention 

The present invention relates to a stress-inducible promoter derived 
from rice and a method for using the same. 

Prior Art 

Plants possess tolerance mechanisms to cope with various types of 
environmental stresses in nature, such as dehydration, high temperature, 
freezing, or salt stress. As the stress tolerance mechanism has been 
elucidated at a molecular level in recent years, stress tolerant plants have been 
produced via biotechnological techniques. For example, it has been shown 
that stress proteins such as LEA proteins, water channel proteins, or synthases 
for compatible solutes are induced in cells when they are exposed to stress, 
thereby protecting the cells from such stress. Thus, research has been 
attempted in which genes of LEA proteins of barley or detoxification enzymes 
of tobacco, genes of synthases for osmoregulatory substances (e.g., sugar, 
proline, or glycinebetaine), or the like are introduced into host plants. 
Research using genes encoding w-3 fatty acid desaturase of Arabidopsis 
thaliana, the D9-desaturase of blue-green algae, or the like, which are 
modification enzymes of the cellular membrane lipid, has also been attempted. 
In such research, a gene was bound to the 35S promoter of the cauliflower 
mosaic virus and introduced into a plant. The level of stress tolerance of the 
recombinant plant was, however, unstable, and the expression level of the 
introduced gene was low. Thus, none of these was put to practical use. 

On the other hand, a stress tolerance mechanism is found to be 
intricately associated with several genes (Shinozaki K, Yamaguchi-Shinozaki 
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K. Plant Physiol., 1997, Oct; 115(2), pp. 327-334). Accordingly, research 
whereby a gene that encodes a transcription factor and that also 
simultaneously activates the expression of the aforementioned several genes is 
ligated to a constitutive promoter and introduced into a plant, thereby 
enhancing the plant's stress tolerance, has been attempted (Liu et al., The 
Plant Cell, 1998, 10: 1391-1406). When expressions of several genes are 
simultaneously activated, however, the energy of the host plant becomes 
directed towards the synthesis of the gene product or intracellular metabolism 
resulting from the gene product. Accordingly, the growth of the plant itself 
becomes retarded or results in a dwarf. 

In contrast, the present inventors isolated from Arabidopsis thaliana 
the DREB1A, DREB1B, DREB1C, DREB2A, and DREB2B genes encoding the 
transcription factors that bind to a stress-responsive element and specifically 
activate the transcription of genes located downstream of such element (JP 
Patent Publication (Unexamined Application) No. 2000-60558). They 
reported that the introduction of the genes into a plant by ligating them to a 
stress-inducible rd29A promoter enabled production of a stress-tolerant plant 
without retarding plant growth (JP Patent Publication (Unexamined 
Application) No. 2000-116260). 

The rd29A promoter is derived from Arabidopsis thaliana, which is a 
dicotyledonous plant. It is able to function in monocotyledonous plants, 
although its activity level is low. Accordingly, a stress-inducible promoter 
capable of a high level of activity in monocotyledonous plants has been 
awaited. 

Disclosure of the Invention 

The present invention is directed to discovering a stress-inducible 
promoter that can effectively function in monocotyledonous plants such as rice 



and to providing a novel environmental stress-tolerant plant using such 
promoter. 

The present inventors have conducted concentrated studies in order to 
attain the above object. As a result, they have succeeded in isolating a potent 
stress-inducible promoter from the rice genome. They have also found that 
the environmental stress tolerance of the monocotyledonous plant could be 
significantly improved with the use of such promoter. This has led to the 
completion of the present invention. 

Specifically, the present invention relates to a stress-inducible 
promoter derived from rice. More specifically, the promoter consists of the 
following DNA (a) or (b): 

(a) DNA consisting of the nucleotide sequence as shown in SEQ ID NO: 
1 or 10; or 

(b) DNA hybridizing under stringent conditions with DNA consisting 
of a nucleotide sequence that is complementary to the DNA consisting of a 
nucleotide sequence as shown in SEQ ID NO: 1 or 10 and expressing 
stress-inducible promoter activity. 

The term "stress" used herein refers to dehydration stress, low 
temperature stress, or salt stress. 

The present invention provides a recombinant vector comprising the 
aforementioned promoter. The vector may comprise other structural genes or 
regulatory genes under the control of the promoter according to the present 
invention. It is particularly preferable that the vector comprises structural 
genes and/or regulatory genes for enhancing stress tolerance. 

Examples of preferable structural genes for enhancing stress tolerance 
include the P5CS gene, which is a key enzyme for proline synthesis (Yoshiba 
Y. et al., 1999, BBRC 261), and the AtGolS3 gene for galactinol synthesis 
(Taji T. et al., 2002, Plant J. 29: 417-426). 



Examples of preferable regulatory genes for enhancing stress tolerance 
include the Arabidopsis thaliana-derived DREB transcription factor genes (JP 
Patent Publication (Unexamined Application) No. 2000-60558), the 
rice-derived OsDREB transcription factor genes (Japanese Patent Application 
No. 2001-358268, Dubouzet et al., Plant J. in press), and the NCED gene, 
which is a key enzyme for the biosynthesis of the plant hormone ABA (Iuchi S. 
et al., 2001, Plant J. 27: 325-333). 

The Arabidopsis thaliana-derived DREB transcription factor genes and 
the rice-derived OsDREB transcription factor genes are particularly preferable. 
The rice-derived OsDREB transcription factor genes are most preferable. 

The present invention provides a transgenic plant that is obtained by 
introducing the vector of the present invention into a suitable host. 
According to one embodiment of the present invention, the transgenic plant is 
obtained by introducing the vector of the present invention into a host plant. 
In such a case, the host plant is preferably a monocotyledonous plant, and such 
monocotyledonous plant is preferably rice. 

By introducing the promoter of the present invention into plants, the 
present invention can further provide a method for enhancing stress tolerance 
in plants. The promoter of the present invention exhibits potent 
stress-inducible promoter activity that has never been observed in 
monocotyledonous plants, and thus, the promoter of the present invention is 
more suitable for enhancing the stress tolerance of monocotyledonous plants. 

Brief Description of Drawings 

Fig. 1 shows the results of Northern analysis on a0022(LIP9) when 
each type of stress is applied. 

Fig. 2 shows the nucleotide sequence of a0022(LIP9) in its promoter 

region. 



Fig. 3 shows the structure of a GUS expressing construct, wherein T g7 
represents a g7 terminator, HPT represents hygromycin phosphotransferase, 
Pnos represents an Nos promoter, and T nos represents a Nos terminator. 

. Fig. 4 is a graph showing the GUS activities of transgenic tobacco or 
5 rice prepared by introducing various promoters ligated to GUS genes when 
dehydration stress is applied. 

Fig. 5 is a photograph showing the results of GUS staining on 
transgenic rice prepared by introducing an LIP9 promoter ligated to GUS 
genes when salt stress is applied. 
10 Fig. 6 shows the results of analyzing the expression levels of the 

introduced genes and the target genes (LIP9 (a0022), WSI724 (a0066), and 
salT (a2660)) in the transgenic rice and in the wild-type rice by the Northern 
method, wherein "a," "b," and "c" each independently represent a transgenic 
plant line. 

15 Fig. 7 shows the nucleotide sequence of a0066(WSI724) in its promoter 

region. 

Fig. 8 is a graph showing the GUS activities of transgenic rice prepared 
by introducing a WSI724 promoter ligated to GUS genes when dehydration 
stress is applied, wherein right bars represent GUS activities when dehydration 
20 stress is applied and left bars represent the controls. 

Fig. 9 is a photograph showing the results of GUS staining on 
transgenic rice prepared by introducing a WSI724 promoter ligated to GUS 
genes when dehydration stress is applied. 

25 This description includes part or all of the contents as disclosed in the 

description of Japanese Patent Application No. 2003-80847, which is a priority 
document of the present application. 

Embodiments of the Invention 
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The promoter of the present invention is a rice-derived promoter, which 
is induced specifically by environmental stress such as low temperature, 
dehydration, or salt stress. 

1. Identification of the promoter of the present invention 

The promoter of the present invention can be identified as follows. 
Plants that were given stress are compared with plants that were not given 
stress, and genes that are expressed at significantly different levels 
(stress-inducible genes) are first screened for. Based on the genome 
information, a sequence that is considered to be a promoter of the gene is then 
screened for. 

A process for identifying the promoter of the present invention is 
hereafter described. 

1.1 Preparation of mRNA 

At the outset, mRNA for screening for the stress-inducible genes is 
prepared. 

A source of mRNA may be a part of a plant such as a leaf, stem, root, or 
flower or a plant as a whole. Alternatively, a plant obtained by sowing seeds 
on a solid medium such as GM medium, MS medium, or #3 medium and 
growing them aseptically may be used. The source may be a callus or a 
cultured cell of the plant that was aseptically grown. 

In this screening process, differences in gene expression levels are 
observed between plants that were given stress and plants that were not given 
stress. Thus, it is necessary to prepare mRNAs for each of the plants. A 
method for applying stress is suitably determined depending on the types of 
plants to be used. In general, dehydration stress can be applied by growing 
plants without water for 2 to 4 weeks. Low temperature and freezing stresses 
can be applied by growing plants at 15 to -10°C for 1 to 10 days. Salt stress 
can be applied by growing plants in 100 to 600 mM NaCl for 1 hour to 7 days. 



In the case of rice, for example, hydroponically grown rice is exposed to low 
temperature stress (10 to -4°C), salt stress (150 to 250 mM NaCl), and 
dehydration stress (desiccated state). 

Plants that were given stress and plants that were not given stress are 
frozen with liquid nitrogen and ground in a mortar, etc. From the resulting 
ground material, a crude RNA fraction is extracted by the glyoxal method, the 
guanidine thiocyanate and cesium chloride method, the lithium chloride and 
urea method, the proteinase K and deoxyribonuclease method, or the like. 
From this crude RNA fraction, poly(A)+ RNA (mRNA) can be then obtained 
by the affinity column method using oligo dT-cellulose, poly U-Sepharose 
carried on Sepharose 2B, or the like or by the batch method. The resulting 
mRNA may further be fractionated by sucrose density gradient centrifugation 
or the like, if necessary. 

1.2 Screening for stress-inducible gene 

The stress-inducible genes are screened for based on a comparison of 
differences in gene expression levels between plants that were given stress and 
plants that were not given stress. Methods for comparing the gene 
expression levels are not particularly limited, and examples thereof include 
conventional methods such as RT-PCR, real time PCR, subtraction, 
differential display, differential hybridization, and cross hybridization. 

A method using solid phase samples such as gene chips and cDNA 
microarrays is especially suitable for implementing the screening procedure 
because such method can simultaneously detect the expression of several 
thousands to several tens of thousands of genes qualitatively and 
quantitatively. 

(1) Preparation of cDNA microarray 

The cDNA microarray used in the screening procedure is not 
particularly limited as long as the cDNA of the monocotyledonous plant (e.g., 



rice), i.e., a detection target of the promoter, is spotted thereon. An existing 
array may be used, or an array may be prepared based on conventional methods 
(e.g., The Plant Cell (2001) 13: 61-72 Seki et al.). 

When preparing the cDNA microarray, the cDNA library of the plant of 
interest should be prepared first. The cDNA library can be produced by 
conventional methods using mRNA prepared in accordance with the method in 
(1) as a template. The cDNA to be spotted is not particularly limited as long 
as it is derived from monocotyledonous plants. From the viewpoint of ease 
in later analyses of genome databases, cDNA derived from monocotyledonous 
plants such as rice with advanced genome analysis is preferable. Plants may 
be in a normal state (without treatment). However, plants are preferably 
exposed to stress such as dehydration, salt, or low temperature. 

When producing the cDNA library, a commercially available kit (e.g. 
ZAP-cDNA Synthesis Kit, Stratagene) is first used for reverse transcription of 
mRNA and single-stranded cDNA synthesis. Then, double-stranded cDNA is 
synthesized using the resulting single-stranded cDNA as a template. 
Subsequently, an adaptor containing a suitable restriction site is added to the 
resulting double-stranded cDNA, which is then inserted into a cloning site of a 
lambda phage vector. The resulting DNA is packaged in vitro using a 
commercially available kit (e.g., Gigapack III Gold packaging extract 
(Stratagene)), caused to infect an E. coli host, and then amplified. Thus, the 
cDNA library of interest can be obtained. 

Once the cDNA library is produced, this cDNA or a region with a high 
specificity in such cDNA (e.g., the UTR region containing no repeating 
sequence on the V side) is amplified by PCR to produce a probe to be 
immobilized on the array. When probes for all the genes of interest are 
produced by repeating this procedure, these probes are spotted on a slide glass 
using a commercially available spotter (e.g., one manufactured by Amersham). 
Thus, the cDNA microarray of interest is obtained. 
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(2) Detection of gene expression level 

Gene expression levels can be detected by the cDNA microarray as 
signal intensity obtained when sample mRNA (or cDNA) labeled with a 
suitable reagent is hybridized with the cDNA probe on the microarray. In 
general, the expression level of the gene is preferably determined as a 
comparative value with a suitable control or the ratio of expression levels 
between two samples to be compared, with respect to the differences in the 
amount of cDNA probes spotted on the array. In the case of the present 
screening procedure, mRNA derived from plants that were not given stress 
(without treatment) is employed as a control, and relative expression levels of 
mRNA derived from plants that were given stress may be detected in relation 
thereto. 

Detection is carried out as follows. mRNAs of the control and the 
sample (or cDNA thereof) are labeled with different fluorescent dyes (e.g., 
Cy3 and Cy5) and hybridized with the cDNA probe on the array. For example, 
mRNA is extracted from the plants that were given stress and subjected to 
reverse transcription in the presence of Cy5-labeled dCTP to prepare 
Cy5-labeled cDNA. Subsequently, mRNA is extracted from plants that were 
not given stress (without treatment), and Cy3-labeled cDNA is prepared in the 
same manner. Cy5-labeled cDNA (sample) is mixed with an equivalent 
amount of Cy3-labeled cDNA (control), and the resultant is hybridized with 
cDNA on the array. Cy3 may be used for labeling the sample, and Cy5 may 
be used for labeling the control. Alternatively, other suitable label reagents 
may also be used. 

The obtained fluorescence intensity is read using a fluorescent signal 
detector and then converted into a numerical value. This numerical value is 
equivalent to the ratio of the gene expression levels of the sample relative to 
the control. The fluorescence intensity read using a scanner is optionally 



subjected to error adjustment or normalization of variances for each sample. 
Normalization can be carried out based on the genes that are commonly 
expressed in each sample, such as house keeping genes. Further, a threshold 
line for reliability may be determined to remove data with low correlation. 

(3) Selection of stress-inducible genes 

Based on the analytical results by the array, stress-inducible genes are 
specified as genes that are expressed at significantly different levels between 
plants that were given stress and plants that were not given stress. The term 
"significantly different" used herein refers to, for example, an intensity level 
of 1,000 or higher, and a difference between two plants of three times or more. 

(4) Analysis of expression by Northern blotting 

The thus selected genes are further subjected to Northern analysis and 
the like. Thus, the expression levels of the genes are confirmed to be 
enhanced with respect to stress tolerance levels. For example, plants are 
exposed to various levels of stress such as salt, dehydration, or low 
temperature stress in the manner described above. RNA is then extracted 
from the plant and separated by electrophoresis. The separated RNA is 
transferred to a nitrocellulose membrane and hybridized with a labeled cDNA 
probe that is specific for the gene. Thus, the expression level thereof can be 
detected. 

If the expression level of the selected gene is enhanced in a 
stress-dependent manner, it can be confirmed that the gene is stress-inducible. 
Examples of stress-inducible genes selected from the rice cDNA library 
include a0022 (LIP9: SEQ ID NO: 2) and a0066 (WSI724: SEQ ID NO: 8) of 
the present invention. a0022 and a0066 are identification numbers (ID No.) 
of cDNA immobilized on the microarray. 
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1.3 Screening for promoter sequence 
(1) Screening of gene database 

Subsequently, detection software (e.g., Blast) is used to search existing 
gene databases (e.g., the DDBJ database) for promoter sequences of the 
stress-inducible genes. Regarding a plant such as rice, the genome of which 
has been mostly decoded, all promoter sequences controlling specified 
stress-inducible genes can be searched for by using existing databases. 
Promoter sequences are selected as regions that are considered to be promoters 
from among the upstream regions in genome genes that are highly genomically 
identical to the stress-inducible gene (cDNA). Based on the genome 
information of stress-inducible genes, for example, the region approximately 1 
to 2 kb upstream of the site that is presumed to be an initiation codon for these 
genes is deduced to be a promoter region. 

Some of the conventional stress-inducible promoters have in their 
sequences cis elements involved with promoter activities, such as dehydration 
responsive elements (DRE), abscisic acid responsive elements (ABRE), and 
low temperature responsive elements. When a stress-inducible transcription 
factor is bound to the cis element, the aforementioned promoter is activated, 
and the stress-tolerance-imparting genes that are under the control of the 
promoter are allowed to express. If the cis element is contained in the 
upstream region that has been screened, accordingly, this region is highly 
likely to be a stress-inducible promoter. 

Thus, the genome information of a gene highly homologous to the 
aforementioned a0022 (LIP9: SEQ ID NO: 2) was obtained, and a deduced 
LIP9 promoter sequence (SEQ ID NO: 1) was screened for from the region 1.1 
kb upstream thereof. Similarly, a deduced WSI724 promoter sequence (SEQ 
ID NO: 10) was screened for from the upstream region of a gene highly 
homologous to a0066 (WSI724: SEQ ID NO: 8). 
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(2) Confirmation of functionality of stress-inducible promoter 

Subsequently, the functionality of the deduced promoter sequence is 
confirmed by changes in promoter activity when stress is applied. 

At the outset, a primer is produced based on the promoter sequence 
deduced in the section above. PCR is carried out using genome DNA as a 
template, and the promoter is cloned. Subsequently, a reporter gene is 
ligated downstream of the promoter to produce a reporter plasmid. The 
produced reporter plasmid is then introduced into a plant, thereby 
investigating the expression of the reporter gene when stress is applied to the 
plant (preferably its T 2 generation). Examples of reporter genes include 
p-glucuronidase (e.g., GUS: pBI121, Clontech), luciferase gene, and green 
fluorescent protein gene. GUS is preferable because its activity can be 
indicated by numerical values and its expression can be visually observed via 
staining. 

1.4 Promoter of the present invention 

Based on the above, the rice genome-derived LIP9 promoter sequence 
(SEQ ID NO: 1) was found to be a stress-inducible promoter, which was 
expressed highly in a dehydration-, low temperature-, or salt stress-dependent 
manner. 

As mentioned above, the LIP9 promoter is induced specifically by 
every type of stress. The structural and functional features thereof are as 
follows. 

1) The LIP9 promoter comprises in its structure 2 DRE cis elements 
associated with dehydration stress induction (Fig. 2). 

2) The expression level of the LIP9 is high in a plant that allows 
overexpression of the OsDREBl gene (Japanese Patent Application No. 
2001-358268), which is a rice-derived transcription factor that binds to a DRE 
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cis element and activates the transcription of the gene located downstream 
thereof. 

3) The LIP9 promoter comprises the DRE sequence to which the 
OsDREBl protein binds. Accordingly, the LIP9 promoter is deduced to be 
5 optimal for overexpression of the OsDREB gene. 

Also, the WSI724 gene is a target of the OsDREB gene. Such 
deduction is made based on the fact that the WSI724 promoter comprises in its 
structure 2 DRE sequences, and it is made based also on the expression pattern 
of a0066 when stress is applied (the expression pattern is inducible by 
10 dehydration, salt, and low temperature stresses and the rate of induction by 
low temperature is slower than that by dehydration and salt). 

The promoter of the present invention is not limited to DNA consisting 
of the nucleotide sequence as shown in SEQ ID NO: 1 or 10. The 
stress-inducible promoter of the present invention includes DNA that 
15 hybridizes under stringent conditions with DNA consisting of a nucleotide 
sequence that is complementary to the DNA consisting of the nucleotide 
sequence as shown in SEQ ID NO: 1 or 10 as long as such DNA has 
stress-inducible promoter activity. Under the "stringent conditions," 
hybridization is carried out in 30%-50% formamide at 37°C to 50°C in 6 x SSC, 
20 and preferably in 50% formamide at 42°C in 6 x SSC. 

2. Recombinant vector 

The recombinant vector of the present invention comprises the 
promoter of the present invention. The vector may comprise other functional 
25 structural genes or regulatory genes downstream of the promoter of the present 
invention. Examples of preferable genes include structural genes and/or 
regulatory genes for enhancing stress tolerance. The term "functional" refers 
to a state in which other structural genes or regulatory genes are suitably 
expressed under the control of the promoter of the present invention. 
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Structural genes for enhancing stress tolerance encode a protein that 
plays roles in enhancing plants' tolerance to environmental stress such as 
dehydration, low temperature, or salt stress. Examples thereof include: LEA 
proteins; water channel proteins; synthases for compatible solutes; 
detoxification enzyme of tobacco; synthases for osmoregulatory substances 
(e.g., sugar, proline, or glycinebetaine); genes encoding w-3 fatty acid 
desaturase of Arabidopsis thaliana and the D9-desaturase of blue-green algae, 
which are modification enzymes of the cellular membrane lipid; P5CS, which 
is a key enzyme of proline synthesis; and the AtGolS3 gene for galactinol 
synthesis. 

A regulatory gene for enhancing stress tolerance regulates the activity 
of a stress-inducible promoter and the expression of genes for imparting stress 
tolerance, thereby enhancing stress tolerance in plants. Examples thereof 
include: Arabidopsis thaliana-derived transcription factors such as DREB1A, 
DREB2A, DREB1B, and DREB1C genes (JP Patent Publication (Unexamined 
Application) No. 2000-60558); rice-derived transcription factors such as 
OsDREB 1 A, OsDREBIB, OsDREBIC, OsDREB ID, and OsDREB2A genes 
(Japanese Patent Application No. 2001-358268); and NCED genes, which are 
key enzymes for the biosynthesis of the plant hormone ABA. 

When the promoter of the present invention comprises a specific cis 
element, the gene of the transcription factor that binds to the cis element and 
enhances its promoter activity is particularly preferably ligated downstream of 
the promoter. 

As described above, the LIP9 promoter according to the present 
invention comprises in its structure 2 DRE sequences. Thus, the DREB or 
OsDREB gene (for example, OsDREB 1 A, OsDREBIB, OsDREBIC, 
OsDREBID, OsDREB2A, or OsDREB2B gene) is preferably ligated 
downstream of the LIP9 promoter. The OsDREB gene is most preferable. 
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Since the WSI724 promoter also comprises 2 DRE sequences and it is 
deduced to be the target of OsDREB, the DREB or OsDREB gene (for example, 
OsDREBl A, OsDREB IB, OsDREBIC, OsDREB ID, OsDREB2A, or 
OsDREB2B gene) is preferably ligated downstream of the WSI724 promoter. 
The OsDREB gene is most preferable. 

The vector of the present invention is constructed so as to be 
functional by ligating (inserting) the promoter of the present invention or the 
promoter and another regulatory gene or structural gene to (into) an 
appropriate vector. The vector into which the promoter is to be inserted is 
not particularly limited as long as it is capable of replicating genes of interest 
in a host. For example, plasmid DNA, phage DNA, or the like may be used. 
Plasmid DNA includes: plasmids for E. coli hosts such as pBR322, pBR325, 
pUCl 18, and pUCl 19; plasmids for Bacillus subtilis hosts such as pUBllO and 
pTP5; plasmids for yeast hosts such as YEpl3, YEp24, and YCp50; and 
plasmids for plant cell hosts such as pBI221 and pBI121. Phage DNA 
includes X phage DNA and the like. Further, an animal virus vector such as a 
retrovirus or vaccinia virus vector, or an insect virus vector such as a 
baculovirus vector, may also be used. 

The promoter of the present invention is inserted into a vector by 
cleaving the purified DNA with an appropriate restriction enzyme and then 
inserted into the restriction site or the multi-cloning site of an appropriate 
vector for ligation. 

The recombinant vector of the present invention may comprise a 
splicing signal, poly(A) addition signal, selection marker, ribosome binding 
sequence (SD sequence) or the like, if so desired. Examples of selection 
markers are dihydrofolate reductase genes, ampicillin tolerance genes, 
neomycin tolerance genes, and the like. 

3. Transgenic plant 
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The transgenic plant of the present invention can be produced by 
introducing the recombinant vector of the present invention into a host so that 
promoter activity can be expressed. Hosts are not particularly limited as 
long as the promoter of the present invention can function therein. Hosts are 
preferably plants, and the monocotyledonous plants such as rice are 
particularly preferable. 

When plants or plant cells are used as hosts, for example, cells 
established from rice, maize, wheat, Arabidopsis thaliana, tobacco, or carrot 
or protoplasts prepared from these plants are used. Methods for introducing 
recombinant vectors into plants include a method of Abel et al., which utilizes 
polyethylene glycol (Abel, H. et al. Plant J. 5:421-427, 1994), and 
electroporation. 

4. Stress tolerant transgenic plant 
(1) Production of transgenic plant 

Structural genes and/or regulatory genes for enhancing stress tolerance 
are introduced into plants so as to be under the control of the promoter of the 
present invention. Thus, functional transgenic plants with enhanced 
tolerance to environmental stress such as low temperature, freezing, or 
dehydration stress can be produced. An example of particularly preferable 
host plants are monocotyledonous plants. 

A method for introducing the promoter of the present invention, etc. 
into a host plant includes indirect introduction such as the Agrobacterium 
infection method and direct introduction such as the particle gun method, the 
polyethylene glycol method, the liposome method, and the microinjection 
method. Up to the present, it had been difficult to carry out the 
Agrobacterium infection method to produce transgenic plants from 
monocotyledonous plants such as rice. However, the addition of 
acetosyringon enabled Agrobacterium to infect rice. Thus, the 
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Agrobacterium infection method became applicable for monocotyledonous 
plants. 

Production of transgenic plants using Agrobacterium is hereafter 
described. 

A recombinant vector to be introduced into a plant can be prepared by 
cleaving with an appropriate restriction enzyme DNA comprising the promoter 
of the present invention and a structural gene and/or regulatory gene for 
enhancing stress tolerance, ligating an appropriate linker to the resulting DNA 
if necessary, and inserting the DNA into a cloning vector for the plant cell host. 
A binary vector type plasmid such as pBI2113Not, pBI2113, pBIlOl, pBI121, 
pGA482, pGAH, or pBIG, or an intermediate vector type plasmid such as 
pLGV23Neo, pNCAT, or pMON200, may be used as cloning vectors. 

When a binary vector type plasmid is used, the gene of interest is 
inserted between the border sequences (LB, RB) of the binary vector. The 
resulting recombinant vector is amplified in E. coli. The amplified 
recombinant vector is then introduced into Agrobacterium tumefaciens C58, 
LBA4404, EHA101, C58ClRif R , EHA105, etc., by freeze-thawing, 
electroporation, or the like. The resulting Agrobacterium is used to 
transform the plant. 

In the present invention, the three-member conjugation method 
(Nucleic Acids Research, 12:8711, 1984) may also be used in addition to the 
method described above to prepare an Agrobacterium to be introduced into 
plants. Specifically, plasmid-containing E. coli comprising the gene of 
interest, helper plasmid-containing E. coli (e.g. pRK2013), and an 
Agrobacterium are mixed and cultured on a medium containing rifampicin and 
kanamycin. Thus, a zygote Agrobacterium to be allowed to infect plants can 
be obtained. 

For the expression of a foreign gene, etc., in plant bodies, a terminator 
for plants, etc., should be located downstream of the structural gene. 
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Specific examples of terminator sequences that may be utilized in the present 
invention include cauliflower mosaic virus^derived and nopaline synthase 
gene-derived terminators. Terminators are not limited to the aforementioned, 
as long as they are known to be functional in plant bodies. 

In order to efficiently select transgenic cells of interest, use of an 
effective selection marker gene is preferable. As such a selection marker, 
one or more genes selected from the kanamycin tolerance (NPTII) gene, the 
hygromycin phosphotransferase (htp) gene that confers tolerance to the 
antibiotic hygromycin on plants, the phosphinothricin acetyl transferase (bar) 
gene that confers tolerance on bialaphos, and the like, can be used. The 
promoter of the present invention and the selection marker gene may be 
incorporated together into a single vector. Alternatively, they may each be 
incorporated into separate vectors. 

If the plant is infected with the thus prepared Agrobacterium, a 
transgenic plant of interest can be produced. 

The transgenic plant is sowed onto a medium containing an adequate 
antibiotic, and plants containing promoters and genes of interest are selected. 
The selected plants are transferred to pots containing Bonsol No. 1, black soil, 
or the like and are further grown. Generally, the genes are introduced into the 
genome of the host plant in a similar manner. Due to differences in the 
locations on the genome into which the genes have been introduced, however, 
the expression of the introduced genes varies. This phenomenon is called a 
"position effect." By analyzing transgenic plants with DNA fragments from 
the introduced gene as a probe by Northern blotting, it is possible to select 
those transgenic plants in which the introduced gene is expressed more highly. 

(2) Confirmation of stress tolerance 

Whether or not the promoter of the present invention, or a structural 
gene and/or regulatory gene for enhancing stress tolerance, is integrated in the 
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transgenic plant and in the subsequent generation thereof can be confirmed by 
extracting DNA from cells and tissues of those plants and detecting the 
introduced gene by PCR or Southern analysis, which are conventional in the 
art. 

The expression level and the expression organ of a gene in a 
transgenic plant can be analyzed by extracting RNA from cells and tissues of 
the plant and detecting the mRNA of the introduced gene by RT-PCR or 
Northern analysis, which are conventional in the art. Alternatively, the 
transcription product of the introduced gene can be analyzed directly by 
Western blotting using an antibody against the above product or the like. 

The tolerance to environmental stresses of the transgenic plant into 
which the promoter of the present invention has been introduced can be 
evaluated by setting the transgenic plant in a pot containing a soil comprising 
vermiculite, perlite, Bonsol, and the like or hydroponically growing plants, 
exposing the plants to various types of environmental stresses, and examining 
the survival of the plants. Environmental stresses include low temperature, 
dehydration, and salt stresses. For example, tolerance to dehydration stress 
can be evaluated by leaving the plant without water for 2 to 4 weeks and then 
examining the survival thereof. Tolerance to low temperature and freezing 
stresses can be evaluated by leaving the plant at 15 to -10°C for 1 to 10 days, 
growing it at 20 to 35°C for 2 days to 3 weeks, and then examining its survival 
ratio. Tolerance to salt stress can be evaluated by leaving the plant in 100 to 
600 mM NaCl for 1 hour to 7 days, growing it at 20 to 35°C for 1 to 3 weeks, 
and then examining its survival ratio. Thus, use of the promoter of the 
present invention can significantly enhance stress tolerance without retarding 
the growth of plants (particularly monocotyledonous plants). 

(3) An example of a preferable transgenic plant 
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An example of a preferable transgenic plant according to the present 
invention is one prepared by introducing a vector comprising the functional 
OsDREB gene ligated downstream of the LIP9 or WSI724 promoter in a 
monocotyledonous plant, such as rice or wheat. Since the LIP9 promoter 
comprises 2 DRE regions, the OsDREB gene can effectively exhibit the effects 
of stress tolerance by binding to the cis elements. Similarly, the WSI724 
promoter comprises 2 DRE regions, and thus, the expression level of the 
OsDREB gene can be enhanced and the stress tolerance of the plant can be 
improved. 

Examples 

The present invention is described in greater detail with reference to 
the following examples, although the technical scope of the present invention 
is not limited thereto. 

[Example 1] Identification of stress-inducible rice gene 

Stress-inducible rice genes were searched for using cDNA microarrays 

and Northern analysis. 

1. Production of rice cDNA microarray 

Rice seeds (Nihonbare) that were grown hydroponically for 2 to 3 
weeks were subjected to dehydration, salt, or low temperature stress. 
Dehydration stress was applied by air-drying at room temperature, salt stress 
was applied by culturing in a 250 mM NaCl solution, and low temperature 
stress was applied by cultivation at 4°C. The rice that had been subjected to 
each type of stress was frozen with liquid nitrogen. Total RNA was extracted 
from the frozen sample by the guanidine thiocyanate and cesium chloride 
method, and mRNA was prepared using the Oligo(dt)-cellulose column. 
cDNA was synthesized using the resulting mRNA as a template and using a 
HybriZAP-2.1 two-hybrid cDNA Gigapack cloning kit (Stratagene), and the 
cDNA was inserted and cloned at the EcoRI-XhoI cleavage site of 
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HybriZAP-2.1 phagemid vector. This phagemid DNA was packaged using 
Gigapack HI Gold packaging extract (Stratagene). The obtained lambda 
phage particles containing cDNA were used to infect host E. coli, which were 
then amplified, and these particles were subsequently recovered in the form of 
a phage suspension. 

The nucleotide sequences of the cDNA clones were sequenced to select 
about 1,500 independent clones. The selected clones were amplified by PCR 
and stamped onto a poly-L-lysine-coated microslide glass (model S7444, 
Matsunami) using the GTMASS System (Nippon Laser and Electronic 
Laboratory). Thereafter, the clones were immobilized by UV cross-linking to 
produce the rice cDNA microarray (The Plant Cell, 2001, 13: 61-72 Seki et 
ah). 

2. Microarray analysis 

mRNAs were purified from rice plants that had been subjected to 
dehydration, salt, or low temperature stress or treated with 100 |iM abscisic 
acid (5 hours or 10 hours) in the same manner as in the section above and from 
rice plants that had not been subjected to stress (without treatment). mRNA 
derived from rice plants without treatment was employed as a control, and 
mRNA derived from rice plants that had been subjected to each type of stress 
or treated with abscisic acid was employed as a sample. cDNA microarray 
analysis was carried out by dual-fluorescent labeling using Cy3 and Cy5. As 
a result of the microarray analysis, the genes with intensities of 1,000 or 
higher and the genes with expression levels as high as 3 times that of the 
control, were selected as candidate stress-inducible genes. Thus, a0022 
(LIP9: SEQ ID NO: 2) and a0066 (WSI724: SEQ ID NO: 8) were selected as 
stress-inducible genes. 

3. Expression analysis via Northern hybridization 
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The characteristic expression of the genes selected in the section above 
was analyzed via Northern hybridization. Rice plants were first exposed to 
abscisic acid, dehydration, low temperature, salt, or water stress, and sampling 
was accomplished regarding the rice that had been subjected to stress every 0, 
1, 2, 5, and 10 hours. The abscisic acid, dehydration, low temperature, or 
salt stress was applied in the same manner as in 1., and water stress was 
applied by immersing the plants in pure water. Total RNA was prepared from 
each sample, electrophoresis was carried out, and the expression of each gene 
was observed by the Northern method. The results are shown in Fig. 1. 

As is apparent from Fig. 1, the expression of the a0022 gene was 
induced by the abscisic acid, dehydration, low temperature, or salt stress. In 
particular, the expression thereof was rapidly induced by abscisic acid, 
dehydration, or salt stress. In contrast, the expression thereof was slowly 
induced by low temperature stress. The a0066 gene was a target of OsDREB, 
based on the expression pattern when stress is applied (the expression pattern 
is inducible by dehydration, salt, and low temperature stresses and the rate of 
induction by low temperature is slower than that by dehydration and salt). 

[Example 2] Screening of promoter sequence 
1. Screening of rice genome database 

Using BLAST, the rice genome database of DDBJ was searched for a 
identical site of cDNA:a0022 (LIP9: SEQ ID NO: 2), which was selected as a 
stress-inducible gene in Example 1. As a result, in the gene in which identity 
was observed, the sequence located 1.1 kb upstream of the initiation codon 
toward the 5' side of the gene was selected as a promoter sequence (SEQ ID 
NO: 1). A similar search was conducted concerning a0066 (WSI724: SEQ ID 
NO: 8), and the promoter sequence thereof (SEQ ID NO: 10) was selected. 

Fig. 2 shows the structure of the LIP9 promoter region. As is 
apparent from Fig. 2, LIP9 comprises in its structure 2 DRE cis elements 
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((A/G)CCGAC). Fig. 7 shows the structure of the WSI724 promoter region. 
The WSI724 promoter was also found to comprise in its structure 2 DRE cis 
elements ((A/G)CCGAC). 

2. Cloning 

Based on the selected promoter sequences, primers were designed, PCR 
was carried out using rice genome DNA as a template, and cloning was carried 
out. The primer sequences and the conditions for PCR used are as follows. 
Primer sequences for LIP9 promoter: 

Forward primer: 5'<:ACGAAGCTTTCATCAGCTATrCATCAA-3' (SEQ ID NO: 3) 
Reverse primer: 5-CCGGATCCTCGATCGATGGATTCAGCTA-3' (SEQ ID NO: 4) 
Primer sequences for WSI724 promoter: 

Forward primer: 5 , -CCATTGGATCCAGCCGTGGAAGTCCAAC-3 , (SEQ ID NO: 1 1) 
Reverse primer: 5 -GCCGGGGATCCITGGCGCCTCTCTCrCT-3 ' (SEQ ID NO: 12) 
PCR conditions: 30 cycles of 95°C for 1 minute, 55°C for 1 minute, and 68°C 
for 2 minutes 

[Example 3] Activity of LIP9 promoter against stress 
(1) Preparation of transgenic plant 
20 The promoter site of pBIG29APHSNot was substituted with an 

ubiquitin promoter of maize to produce G-ubi plasmid. The G-ubi plasmid 
was cleaved with BamHI-Hindlll and ligated to a fragment of a similarly 
cleaved LIP9 promoter. The plasmid into which the LIP9 promoter had been 
incorporated was cleaved with BamHl-EcoRI and ligated to the Gus gene, 
25 which was similarly cleaved out from pBI221 (Clontech) with BamHI-EcoRI, 
to produce a GUS-expressing construct G-LIP9:GUS (Fig. 3). The plasmid 
G-LIP9:GUS was introduced by electroporation into Agrobacterium EHA105, 
which was washed with 10% glycerol after culturing, thereby preparing 
Agrobacterium EHA105 (G-LIP9:GUS). Rice was infected with this 
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Agrobacterium EHA105 (G-LIP9:GUS) in the following manner to prepare a 
transgenic plant of interest. 

Rice seeds were immersed in 70% ethanol for 1 minute and sterilized 
by immersion in 2% sodium hypochlorite for 1 hour. The sterilized seeds 
were then washed with sterilized water, and 9 grains each of the seeds were 
sowed onto a plate of N6D solid medium (3.98 g of CHU[N 6 ] Basal Salt 
Mixture (Sigma), 30 g of sucrose, 100 mg of myo-inositol, 300 mg of casamino 
acid, 2,878 mg of L-proline, 2 mg of glycine, 0.5 mg of nicotinic acid, 0.5 mg 
of pyridoxine hydrochloride, 1 mg of thiamine hydrochloride, 2 mg of 2,4-D, 
and 4 g of Gellite per liter; pH 5.8), followed by culturing for 24 days. Thus, 
callus formation was induced. The callus formed from approximately 20 
grains of the seeds was transferred to new N6D solid medium, followed by 
culturing for an additional three days. 

Separately, Agrobacterium EHA105 (G-LIP9:GUS) was cultured in 5 
ml of YEP medium containing 100 mg/1 rifampicilin and 20 mg/1 kanamycin 
(10 g of Bacto peptone, 10 g of Bacto yeast extract, 5 g of NaCl, and 406 mg of 
Mg0 2 6H 2 0 per liter; pH 7.2) at 28°C for 24 hours. This Agrobacterium was 
diluted with AAM medium containing 20 mg/1 acetosyringon (10 mg of 
MnS0 4 -5H 2 0, 3 mg of H3BO3, 2 mg of ZnS0 4 -7H 2 0, 250 jag of Na 2 Mo0 4 -2H 2 0, 
25 |ag of CuS0 4 -5H 2 0, 25 jag of CoCl 2 6H 2 0, 750 \xg of KI, 150 mg of 
CaCl 2 2H 2 0, 250 mg of MgS0 4 -7H 2 0, 40 mg of Fe-EDTA, 150 mg of 
NaH 2 P0 4 -2H 2 0, 1 mg of nicotinic acid, 10 mg of thiamine hydrochloride, 1 mg 
of pyridoxine hydrochloride, 100 mg of myo-inositol, 176.7 mg of L-arginine, 
7.5 mg of glycine, 900 mg of L-glutamine, 300 mg of aspartic acid, and 3 g of 
KC1 per liter; pH 5.2) to bring O.D. 660 to 0.1. Thus, 20 ml of Agrobacterium 
suspension was prepared. 

Subsequently, the Agrobacterium suspension was added to and then 
mixed with the callus, which was cultured for 3 days, for 1 minute. 
Thereafter, this callus was placed on a sterilized paper towel to remove excess 
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Agrobacterium suspension and then cultured on 2N6-AS solid medium, on 
which the sterilized filter paper was placed, (3.98 g of CHU[N 6 ] Basal Salt 
Mixture, 30 g of sucrose, 10 g of glucose, 100 mg of myo-inositol, 300 mg of 
casamino acid, 2 mg of glycine, 0.5 mg of nicotinic acid, 0.5 mg of pyridoxine 
hydrochloride, 1 mg of thiamine hydrochloride, 2 mg of 2,4-D, 10 mg of 
acetosyringon, and 4 g of Gellite per liter; pH 5.2) at 25°C for 3 days in the 
dark. After culturing for 3 days, the culture product was thoroughly washed 
with an aqueous solution of 3% sucrose containing 500 mg/1 carbenicillin until 
the solution did not become clouded. The washed culture product was further 
cultured on N6D solid medium containing 500 mg/1 carbenicillin and 10 mg/1 
hygromycin for 1 week. Thereafter, the resulting culture product was 
transferred onto a N6D solid medium containing 500 mg/1 carbenicillin and 50 
mg/1 hygromycin and cultured for 18 days. Furthermore, the callus was 
transferred to a redifferentiation medium (4.6 g of Murashige and Skoog Plant 
Salt Mixture (Nihon Pharmaceutical Co., Ltd), 30 g of sucrose, 30 g of sorbitol, 
2 g of casamino acid, 100 mg of myo-inositol, 2 mg of glycine, 0.5 mg of 
nicotinic acid, 0.5 mg of pyridoxine hydrochloride, 0.1 mg of thiamine 
hydrochloride, 0.2 mg of NAA, 2 mg of kinetin, 250 mg of carbenicillin, 50 mg 
of hygromycin, and 8 g of agarose per liter; pH 5.8). The product was 
transferred to a new medium every week and redifferentiated. Those having 
buds that had grown to approximately 1 cm were transferred to a hormone-free 
medium (4.6 g of Murashige and Skoog Plant Salt Mixture (Nihon 
Pharmaceutical Co., Ltd), 30 g of sucrose, 2 mg of glycine, 0.5 mg of nicotinic 
acid, 0.5 mg of pyridoxine hydrochloride, 0.1 mg of thiamine hydrochloride, 
50 mg of hygromycin, and 2.5 g of Gellite per liter; pH 5.8). Plant bodies, 
which have grown to approximately 8 cm on the hormone-free medium, were 
transferred to a pot containing synthetic particulate potting soil (Bonsol No. 1, 
Sumitomo Chemical Co., Ltd.) to allow the transgenic plants to produce seeds. 
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Similarly, the rd29A promoter (Nature Biotechnology, 1999, 17: 
287-291), the 35S promoter, or the salT promoter (SEQ ID NO: 5) was ligated 
upstream of the GUS gene to produce constructs. The obtained constructs 
were introduced into rice and/or tobacco. 

The salT promoter is a stress-inducible promoter isolated from the rice 
genome via screening conducted in the same manner as with the case of the 
LIP9 promoter. The ID No. of cDNA of the salT promoter immobilized on 
the microarray is a2660. Although the salT promoter does not comprise a 
special cis sequence in its structure, it is confirmed that expression thereof is 
induced by the abscisic acid, dehydration, low temperature, or salt stress 
(Japanese Patent Application No. 2002-377316). 

(2) Promoter activity against dehydration stress 

The T 2 generation of the obtained GUS-expressing transgenic rice was 
grown hydroponically for 2 weeks and exposed to dehydration stress in the 
same manner as in Example 1. 

In the case of GUS-expressing transgenic tobacco, a plant, which was 
regenerated from a Ti generation plant, was grown in a plant cone for 3 to 5 
weeks, and a grown leaf was bisected. One part thereof was designated as a 
control, and the other was exposed to dehydration stress by being air dried at 
room temperature. 

The GUS activities of both transgenic rice and tobacco were assayed 
based on changes in fluorescence intensities resulting from the decomposition 
of 4-methylumbelliferyl-p-D-glucuronide. Fig. 4 shows the GUS activities 
of the transgenic plants to which various promoters were introduced at the 
time of the application of dehydration stress. 

As is apparent from Fig. 4, the activity level of the stress-inducible 
salT or LIP9 promoter in monocotyledonous plants, i.e., rice, is higher than 
that of the rd29A promoter. In particular, the activity of the LIP9 promoter 
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was as high as approximately two times that of the salT promoter. While the 
LIP9 promoter also exhibited stress-inducible promoter activities in tobacco, 
which is a dicotyledonous plant, its activity was weaker than that in rice. 

(3) Promoter activity against salt stress 

Subsequently, the entire body of the rice to which the LIP9 
promoter-GUS construct has been introduced was immersed in salt water and 
then subjected to GUS staining. As a result, the entire plant was stained (Fig. 
5). Based on this, the LIP9 promoter was found to function in all parts of the 
plant that had been subjected to salt stress. 

[Example 4] WSI724 promoter activity against stress 

In the same manner as in Example 3, transgenic rice was produced 
using the WSI724 promoter, and stress response thereof was examined. 

(1) Production of transgenic plants 

The promoter site of pBIG29APHSNot was substituted with an 
ubiquitin promoter of maize to produce G-ubi plasmid. The G-ubi plasmid 
was cleaved with BamHI-Hindlll and ligated to a fragment of the similarly 
cleaved WSI724 promoter. PCR fragment of the WSI724 promoter were cut 
with BamHl and blunt-ended, and ligated to a site of the pBIG vector, which 
was cleaved with Smal to produce a GUS-expressing construct (WSI724:GUS). 
Subsequently, WSI724:GUS plasmid was introduced by electroporation into 
Agrobacterium EHA105, which was washed with 10% glycerol after culturing, 
thereby preparing Agrobacterium EHA105 (WSI724:GUS). Rice was 
infected with this Agrobacterium EHA105 (WSI724:GUS) to prepare a 
transgenic plant of interest. 

(2) Promoter activity against dehydration stress 
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The GUS-expressing transgenic rice was exposed to dehydration stress 
in the same manner as in Example 3 to assay GUS activities thereof based on 
changes in fluorescence intensities resulting from the decomposition of 
4-methylumbelliferyl-p-D-glucuronide. As a result, GUS activities observed 
in the leaves of the transgenic rice to which dehydration stress had been 
applied (where the leaves had been cut and allowed to stand for 24 hours) were 
higher than those observed in the leaves of the controls (where such leaves had 
been cut and then frozen immediately). The transgenic rice to which 
dehydration stress had been applied (for 24 hours) was subjected to GUS 
staining, and GUS activities were observed both in the roots and in the leaves. 

[Example 5] Expression of genes introduced into transgenic rice, LIP9 genes, 
and WSI724 genes 

A transgenic plant was prepared in the same manner as in Example 3. 
This transgenic plant was prepared by introducing the OsDREBl A gene (SEQ 
ID NO: 6) or the DREB1C gene (SEQ ID NO: 8) that is under the control of an 
ubiquitin promoter of maize or 35S promoter into rice. The mRNA level of 
the OsDREB 1 A and DREB1C genes that had been introduced into the 
transgenic plant and the mRNA level of the LIP9 (a0022), WSI724 (a0066), 
and salT (a2660), the expression of which was considered to be altered by the 
introduced genes, were analyzed by the Northern method. 

The OsDREB 1 A gene (SEQ ID NO: 6), the DREB1C gene (SEQ ID NO: 
7), the LIP9 gene (a0022, SEQ ID NO: 2), the WSI724 gene (a0066, SEQ ID 
NO: 8), and the salT gene (a2660, SEQ ID NO: 9) were employed as probes 
(the sequences of the coding regions were employed as probes concerning SEQ 
ID NOs: 6 and 7 in the sequence listings). As a control, rice in which only 
the vector had been transformed was similarly analyzed. 

The transgenic rice was selected in a 0.1% Benlate solution containing 
30 mg/ml hygromycin for 5 days. Thereafter, the plant was transferred to a 
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pot containing Bonsol No. 1 and was grown for 12 days. The wild-type rice 
was grown similarly. Total RNA was extracted from each plant and 
electrophoresed. Expression of each gene was analyzed by the Northern 
method in the same manner as in Example 1. The results are shown in Fig. 6, 
wherein "a," "b," and "c" each independently represent a transgenic plant line. 

In the transgenic rice into which the OsDREBl A and DREB1C genes 
had been introduced, the expression of the LIP9 gene having the DRE sequence 
in the promoter region was found to be induced. In contrast, the expression 
of the salT gene having no DRE sequence in the promoter region was found to 
be inconsistent with the expression of the introduced gene (OsDREBl A or 
DREB1C). Also, the expression of the WSI724 gene, which comprises the 
DRE sequence in the promoter region and is deduced to be a target of OsDREB, 
as with the LIP9 was induced by these transgenic plants. 

The LIP9 or WSI724 promoter comprises the DRE sequence, and the 
expression level of the LIP9 or WSI724 gene is high in transgenic plants 
wherein overexpression of the OsDREBl A genes is observed. LIP9 and 
WSI724 was considered to be the target gene of the OsDREB genes, including 
OsDREB 1 A. Accordingly, the LIP9 or WSI724 promoter was deduced to be 
optimal for overexpression of the OsDREB gene. 

[Reference Example 1] Production of pBE35S:OsDREBl A, G-ubi: OsDREB 1 A, 
and G35S- ShA:OsDREBl A 

G-ubi and G35S-ShA were prepared as follows. At the outset, pBIG 
plasmid (Nucleic Acids Research 18: 203, 1990) was cleaved with BamHI, 
blunt-ended, and ligated to delete the BamUl cleavage site. Thereafter, the 
plasmid was cleaved with Hindlll and EcoRl. The resulting fragment was 
ligated to a fragment of approximately 1.2 kb, which was obtained by cleavage 
of pBE2113Not plasmid in the same manner, thereby preparing a pBIG2113Not 
plasmid. 
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Subsequently, pBIG2113Not was cleaved with HindUI and BamHl and 
ligated to a fragment of rd29A promoter (approximately 0.9 kb, Nature 
Biotechnology 17: 287-291, 1999), which was cleaved in the same manner, 
thereby preparing pBIG29APHSNot plasmid. Further, this pBIG29APHSNot 
plasmid was cleaved with Hindlll and Sail and then ligated to a fragment of 
the ubiquitin gene (Ubi-1) promoter (approximately 2.0 kb, Plant Molecular 
Biology 18: 675-689, 1992) of maize or a fragment (approximately 1.6 kb, 
Proceeding National Academy of Science USA 96: 15348-15353, 1999) 
containing CaMV 35S promoter of p35S-shA-stop and a part of the intron of a 
sucrose synthase gene (Shi) of maize, which was cleaved in the same manner. 
Thus, G-ubi plasmid or G35S-shA plasmid was prepared. 

pBE2113Not, G-ubi, and G35S-shA described above were each cleaved 
with BamHI, and ligated to a fragment of the similarly cleaved OsDREBl A 
gene encoding a transcription factor of rice using Ligation High (Toyobo Co., 
Ltd.). E. coli DH5cc was transformed using the thus obtained ligation 
product. After the transgenic E.coli was cultured, pBE35S:OsDREB 1 A, 
G-ubi: OsDREB 1 A, and G35S-ShA: OsDREBl A plasmids were purified 
therefrom. Subsequently, the nucleotide sequences thereof were determined, 
and those having the OsDREBl A gene bound in the sense direction were 
selected. 

The plasmid pBE35S: OsDREB 1 A-containing E. coli DH5oc, helper 
plasmid pRK2013-containing E. coli HB101, and Agrobacterium C58 were 
mixed and cultured on LB agar medium at 28°C for 24 hours. Generated 
colonies were scraped off and suspended in 1 ml of LB medium. This 
suspension (10 jil) was applied to LB agar medium containing 100 mg/1 
rifampicilin and 20 mg/1 kanamycin and cultured at 28°C for 2 days, thereby 
obtaining zygote Agrobacterium C58 (pBE35S: OsDREB 1 A). By 
electroporation, the G-ubi: OsDREB 1 A plasmid and the G35S-ShA: 
OsDREBl A plasmid were separately introduced into Agrobacterium EHA105, 
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and washed with 10% glycerol after culturing. Thus, Agrobacterium 
EHA105 (G-ubi:OsDREB 1 A) and Agrobacterium EHA105 (G35S-shA: 
OsDREBl A) were obtained. 

All publications, patents, and patent applications cited herein are 
incorporated herein by reference in their entirety. 

Industrial Applicability 

The present invention provides a stress-inducible promoter that is 
effectively functional in monocotyledonous plants. Such promoter comprises 
the DRE sequence. If the OsDREB gene or the like is ligated so as to be 
under the control of the promoter and introduced into plants, accordingly, 
transgenic monocotyledonous plants, such as rice, having potent stress 
tolerance can be produced. 

Free Text of Sequence Listing 

SEQ ID NO: 3 - description of artificial sequence: primer 
SEQ ID NO: 4 - description of artificial sequence: primer 
SEQ ID NO: 11 - description of artificial sequence: primer 
SEQ ID NO: 12 - description of artificial sequence: primer 
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